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INTRODUCTION 
Freeze-drying has been generally regarded as the 
mildest method known for drying meats, but even this pro­
cess has ·caused undesirable changes in meat quality. The 
texture of rehydrated freeze-dried meat has been found to 
be tougher and drier than untreated meats. In addition , 
the meat_ may have a "woody" _texture. Apparently something 
has occurred during the freeze-dry process that reduced 
the water-holding capacity of the meat. This has been 
reflected in the meat's inability to become fully rehy­
drated. 
Sodium hexametaphosphate (SHNP) has been used suc­
cessfully to increase the water-holding capacity of meat 
and fowl. No study has been conduc.ted to ascertain if 
SHMP might have a similar effect on freeze-dried chicken 
meat. The prese_nt study was undertaken to determine the 
effect of SHMP on the palatability of freeze-dried chicken 
meat. 
1 
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R�VIEW OF LITERATU:{� 
Introduction of Freeze-Drying 
The establishment of specific conditions of temper­
ature and pressure in high vacuum, whereby the physical 
state of a food substrate could be maintained at a critical 
point for successful dehydration with greatly improved 
rehydration potentialities, was developed by Desrosier 
(1963) and called freeze-drying. The term freeze-drying 
has been used in a very loose sense. If accurately defined, 
Greaves (1961) has indicated it must be the drying by sub­
limation from a totally solid material. Under certain 
conditions water may exist as a liquid, solid, and/or vapor. 
The intersection of the three phase boundaries has been 
called the triple point. At 0.01° C, and with a pressure of 
4.7 mn of mercury, water is in such a condition. The 
.freeze-drying process has been designed to have water mole­
cules pass fror.i a solid phase to the vapor phase w•i thout 
passing through the liquid phase. The process has consisted 
of removing moisture from a frozen food without thawing. It 
has been done in a room, cabinet or chamber where heat nas 
been applied to the food as low pressures have removed the 
water vapor. The food is kept frozen during the entire 
process (Desrosier 1963)� 
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?reeze-drying, also known as lyophilization, was intro­
duced in early 1926 by Carr, as a method of treatinG 5lands 
for pharmaceuti�al purposes and was developed during the 
second 1.Iorld ·.1ar. It was a slow and expensive process and 
applied only to labile materials of high value such as 
pharmaceutical blood plasma and later penicillin (Birk 1961-}). 
Luyet (1961) described freeze-drying as a. three stage 
process. The first stage, freezing, resulted in a separa­
tion of water from the tissue in the form of ice crystals, 
During the second stage ice crystals were caused to sub­
lime thus removing the water which had already separat�d 
from the tissue. The third stage was characterized by 
evaporation of residu·a1 water. 
Effect of Freeze-Drying on Heat Quality 
Freeze-drying of foods has been comm�rcially estab- -
lished and bids to become a significant means for process­
ing foods within the next decade (Heid and Joslyn 1967). 
Hamdy et al. (1958) pointed out that the drying texture and 
the decrease of meat hydration is one of the principal prob­
lens in the field of lyophilization of meat. Brockman 
(1962) also found freeze-drying of foods frequently results 
in rehydrated products which are characterized as dry, 
spongy, and tough with decreased acceptability, Connel 
(1957) stated that rehydrated meat was often tougher and 
4 
drier than the original meat, and in addition, had a char­
acteristic ''woody" texture, These texture characteristics 
were usually ascribed to decreased ability of the meat pro­
tein to take up moistur·e during rehydration. 
A great deal of research is presently being conducted 
on freeze-dehydration, However, the only major commercial 
application of freeze-dried chicken has been in the manu­
facture of dehydrated soups·. The fla .,.or of freeze-dried 
chicken used in dehydrated soups has been very satisfactory 
but the tenderness of the rehydrated meat has often been 
affected adversely. Seltzer (1961) found that the freeze­
drying of a meat product such as chicken required unusual 
care or the product would.be tough and stringy with poor 
shelf life. Only very tender chicken me�t of excellent 
quality deserved the high cost of freeze-drying. He also 
pointed out that any method of drying, including freeze­
drying, tended to toughen chicken meat, Harper and Tappel 
(1960) belieyed the freeze-drying can produce chicken of 
reasonably good rehydration characteristic that can be 
cooked by ordinary methods and yield a ready-to-eat product 
of good color and flavor. However, it has a dry textur� and 
is tough, 
Effect of pH and Water-Holding Capacity on Neat Quall ty 
Hamm and Deatherage (1960) pointed out that quiclc 
freezing of raw muscle tissue did not decrease the hydra­
tion of muscle nor cause protein denaturation. They 
studied the denaturation of meat by means of determining 
the water-holding capacity, the buffer capacity at differ­
ent pH values, and the measu�ement of the �uantity of dyes 
bound by the acidic and basic groups of muscle proteins. 
Connell (1961) believed freeze-dried raw meat and fish 
were, after reconstitution and cooking, distinctly tougher 
and less juicy than untreated cooked controls. The tough­
ness developing during freeze-drying appeared to be assoc­
iated with a loss of the water-holding capacity of the 
muscle, The water-holding capacity, acco·rding to Connell 
(1961) , meant �he ability of the muscle protein to hold 
.water firmly in the form of a gel, 
Hamm (1960) found the decrease of meat hydration was 
caused by drying and occurred only in the· pH range from 
4,5 to 6.5. The maximum decrease of the water-holding 
capacity was at approximately pH 5.0. At pH 6.o-6.5 and 
pH 4,5 meats had the same ability to rehydrate as fresh 
meat. These results indicated that in the-isoelectric 
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range of dried meat less charged protein groups were avail­
able for binding water than in the fresh rriuscle. The de­
crease of negative protein charges results at pH value I.P. 
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He pointed o�t that quick-freezing of muscle did not 
decrease the hydration of �uscle nor cause protein denatur­
ation. Quicl:-freezing caused n very small but significnnt 
increB.se of the water-holding capacity of meat. Hamm (1960) 
postulated that this was probably a mechanical loosening of 
tissue structure due to the formation of tiny ice crystals 
inside the cells. The "loosening" of protein structure 
produced· by quiclc-freezing _caused a SI11all increase of fr.ee 
protein charges available for binding water. Thus, the in­
fluence of freeze-drying on the -i·mter-holding capacity 9f 
meat was not due to the freezing process but to the process 
of dehydration. 
Bendall (1946) f6und that meat with a high pH had a 
higher water-holding capacity when heated than neat heated 
at its normal pH. Therefore, the network of neN cross 
_linkages forned by heat denaturation could not completely 
overcome an incr_ease of hydration caused by the lowering or 
.r:ising of the pH of raw meat. Hamm (1959) found a relation­
ship existed between water-holding and sweiling capacity of 
meat. The cause of both was the interaction beti·rnen meat 
protein and water. 
Grau _ (1953) found that the water-holding capacity 
of meat was very low at the normal pH of meat which he 
gave as being about 5.5. ·He stated that the isoelectric 
point of meat was about 5. 0 and at the no-rm.al pH the net 
charge of muscle protein_was at a minimum. He found that 
by the addition of a base the water-holding capacity in­
creased. A reverse effect !·ras caused by the addition of 
acid. s·nift et al. (1959) also found that increasing pll 
increased water retention, 
Suden et al. (1964) pointed out that rehydration of 
the freeze-dried fillets was not influenced by either pII 
of the hydrating solution or pH of the meat. Fat content 
had little effect on rehydra-tion. An increase in pH was 
noted during the dehydration process. 
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!1iller et al. (1968) indicated that the water-holding 
capacity was lower at pH 5,5 than at higher pH values. The 
mean value for water-holding capacity was the greatest for 
the samples having the highest pH. There was a decrease 
in the water-holding capacity as the fat level of the meat 
was increased due to the increase in the moisture to pro­
tein ratio. 
H8.!'1lm (1959) stated that grinding increased the meat 
water-holding capacity by increasing the number of polar 
groups available for binding with the water molecule and 
water was bound better when added after the meat was ground. 
Swift et al. (1959) found that the relative ability of 
muscle to hold added moisture was predictable on the basis _ 
of the original proportions of moisture and protein. These 
1-:orkers found that water retention was inversely related to 
protein content and the ratio of moisture to protein was 
directly related to water retention. Juiciness and 
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tenderness varied more with the changes iri moisture content 
than in fat content. 
Cheraical Properties of Sodium Hexametaphosphate 
Clark (1966) stated that sodium hexametaphosphate, also 
called sodium polymetaphosphate, has a chemical formula 
Na6P6018 or Na6 (P03)6 and a molecular weight of 612. It 
has been derived from Graham l s salt (HaFOJ) n and obtained 
when any form of sodium metaphosphate has been melted and 
then allm·rnd to solidify. It has been known for many years 
that the polyphosphates are strong complexing agents. 
Modern theory of polyelectrolytes, as supported by experi­
mental studies on a number of such substances, indicated 
that all polyelectrolytes tended to bind their counter ions 
firmly. This action has been cited (Clark 1966) to be 
worl{ing in the case of the polyphosphates,. and in additio•n, 
there also appeared to be a specific complexing activity 
1·rhich could be attributed to one or two individual·Po4 
groups. In general, it has been found that the chain phos­
phates (especially the longer-chain materials) formed con­
plexes with a wide variety of cations. 
In studying the ionization behavior of some polymetn­
phosphates, Betra (1965) found the degree of ionization of 
some sodium polyphosphate.used in the food industry was de­
teTI!lined Hith sodium ion electrodes. The degree of disso­
ciation of the polyphosphates was inversely proportional to 
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the number of P atoms in the chain or the ring of the poly­
phosphates. 
Effect of Sodium Hexametaphosphate 
on the Water-Holding Capacity of Heat 
Morse (1955) studi�d the effect of phosphates on meat. 
He pointed out that by changing the pH the phosphates in­
creased water-holding capacity and appeared to improve emul­
sification of fats. Advantages of the use of polyphosphate 
include less cook-out of juice, less "shrink" or "Purge". 
In carefully controlled experiments this was as high as an 
additional 5;o retained juice. Horse also cited the improved 
ham color, fat-pock�t elimination, and the higher moisture. 
Hall (1955) stated that by the use of molecularly dehy­
drated phosphates undesirable changes in color of cured meat 
was inhibited. Brissey (1955) found that the addition of a 
mildly alkaline salt would increase the pH of the meat and 
reduce the "shrink", "purge", or "cooked out" of sroolred or 
canned hams and other cooked and cured meats. 
Grau (1955) pointed out that the water retention of 
meat was dependent upon pH and mineral content. He stated 
that at a high pH meet has good water retention and that 
this retention dropped with a lowering of the pR and was at 
its lowest at pH 5.5. H� stated further that many salts, 
such as sodium chloride, phosphates, citrates, and lactates, 
produced a "swelling" or "imbibition" in meats. 
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Dopner (1955) observed that hexametaphosphates did not 
permit sausage meats to retain an overload of added 1·;ater, 
H01-rnver, ·uhen the water was increased, more i;,iater ·was lost 
during cooking, 
Bendall (1958) observed marked differences in the vol­
wne of ground meat treated with a polyphosphate solution as 
compared ·with the volume of ground meat treated with poly­
phosphate plus sodium chlor_ide, He suggested that these 
volume differences could be explained in terms of the dif­
ference in ionic strength of the two solutions since they 
both had the same pH, Phosphate was regarded as having a 
speci�ic swelling effect on lean meat, The chief structur­
al protein actin and inyosin united after the animal's death 
to form rigid and inextensible filaments of actomyosin, 
Actomyosin could be split into its com.ponent protein, 
actin and myosin, by treatment 1·1ith polyphosphate, Only 
pyrophosphate and tripolyphosphates showed a specific 
effect, resulting in a water-binding effect greater than 
was obtained by salt alone, 
Hellendoorn (1962) claimed that one of the main func­
tions of the phosphate salts should be their promotion or 
the water-binding property of meat, From his experinents 
1·11 th cation exchangers I�aiiun (1955) concluded that calcium 
caused the m.eat to form bridges between the urotein fibers .. 
and this played an important part in meat hydration, 
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Displacement of bound calcium by sodimn, by means of ion 
exchange or by precipitation, lrould c;i ve rise to sreater 
hydration. Grau et al. (1953) pointed out that in the same 
way the promoting effect on m·rnlline by polyphosphates could 
by explained. 
Hellendoorn (1962) concluded that the water-binding 
was enhanced by the addition of the phosphates on the allra­
line side of pH 7 but is depressed on the acid side of pH 7. 
The addition of phosphate salts has increased in both cases 
the ionic strength. He confirmed the conclusions of Klotter 
(1961) that the polyphosphates resulted in a diminution of 
the s-c-rnlling of meat when cold but a11onmented swelling after 
heating. Hellendoorn further stated that instead of the 
positive effect expected, a narked depressing effect on the 
't·rater-bind.ing ·was observed with a higher concentration of 
the salt. The cause of this depression ·was not clear. He 
concluded that the elinination of the calcium fron the meat 
has nothing to do with ,-rater-binding capacity. Inklaar 
(1967) denonstrated by dialysis and extraction centrifugation 
procedures, 1·1i th and without the addition of phosphates, 
that phosphates do not complex 1·11 th the calcium-bound to, 
meat proteins. Inklaar's results indicated that about 60)� 
of the calcium and 20� of the magnesium naturally present 
in meat were firmly bound· to the meat proteins and i-rere not 
available to react 111 th added phosphates. 
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Popp and Muhlbrecht (1958) took the view that poly­
phosphates did not increase the water absorption capacity 
of meat, but on the contrary, they merely restored the 
water absorption ability possessed before slaughter of the 
animal. Klotter (1961) supported this belief. Klotz (1951) 
stated that the high pH value of alkaline polyphosphate 
changed the protein configuration and led to a binding of 
the pota·ssium and sodium loris by proteins. Sherman (1961) 
found the addition of sodium chloride, tetrasodium pyro­
phosphate or alkaline polyphosphate improved fluid reten­
tion of meat. The phosphates were particularly effective,  
but this was not attributed to their ability to complex 
calcium and magnesium ions. Fluid retention was related 
to anion absorption of the phosphate solutions. Fluid re­
tention at o0c showed a significant statistical correla­
tion (P> o. 05) with pH of the aged solution-meat mixture-. 
The pH also influenced the degree of solubility of acto­
myosin. The-ionic strength of the solutions employed ·was 
important only in so far as it controls the rate of ion 
absorption by the meat. The greater the ionic strength the 
greater the absorption of ions. In all tests Sherman con­
ducted, irrespective of the additive used, 1·1ater retention 
increased linearly with the increase of anion and cations 
absorped. Polyphosphate· produced greater water retention 
per unit concentration of anions or cations absorbed than 
did sodium chloride or magnesium chloride. 
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Donner ( 19.55 ) found that coolced phosphate-treated 
sausage sh01rnd le s s  shrinlc than untreated sausage due to 
retention of juic es during boiling , Reiner ( 195 .5 )  empha­
sized the effect of phosphates on muscle s1rnlling and ·water­
bindi ng , s·welling was produced by phosphates and ci trates 
due to binding magnesiuJn and c alcium frofl the meat thus 
enabling the meat to inc rease ·water absorption , He decided 
that the " phosphat_e effect" lTaS due to pH-increasing and 
salting actions especially at a higher pH . Fat emulsifica­
tion and viscosity were considered of minor importanc e .  
Horse ( 1955 ) clained that the pH adjustment o f  intact 
meat to 7.0-7.4 enabled meat fibers or proteins to hold 
their norm.al ·water content , although certain phosphates 
have a marked effect on viscosity of proteins in aqueous 
solution. Even though certain phosphate salts , especially 
trisodiu.n phosphate , were good emulsifiers , there was doubt 
that the effec t on fat was the principal benefit to be de ­
rived. In acldi tion to the increase in 11rater-holding c apac ­
ity brought about by pH change with the use of phosphate , 
there ·uas some effec t upon the surface charac teristics of 
meat. The c i trates and phosphates shotring the best resu�ts 
in conrninuted meats 1Jere also good netal-sequesteri ng agents . 
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Appli cation of Sodium Hexametaphosphate 
Kamstra and Saffle ( 1959) reported on the effects of a 
prerigor infusion of sodium hexametaphosphate on tenderness 
and certai n chemical characteristics of meat. These re­
sults indicated highl� si gnificant differences ( F >  0.01 ) in 
tenderne s s  of hams infus ed  with SHMP versus hams infused 
with water only. The pH an� color were improved by addi ng 
acid to the SHMP infus ion. The glycogen level of treated 
hams was higher than the control hams after 72 hours. 
Carpenter et al. (1961) reported on cow rounds i nfused 
with 10, 15, and 20;:'& solutions of SHHP and a 15); solution 
plus various levels of lactic  acid. Tenderne ss, as report-
ed  by taste panel, and shear-press values were improve d by 
pre-rigor infusion of all solutions and no one level im­
proved tenderness more than any other level. 
Rust (196 3 )  inj ected 2-inch steaks with a 0 . 0 3 H solu­
tion of sodium hexametaphosphate equivalent to O ,  5, 10, and 
15,7& of the we ight of the steaks ; the 10/:; quantity of SHr11J? 
enhanced flavor and increased juiciness and tenderness. 
Hiller and Harrison ( 1965 ) marinated  steaks in 0.03 E 
sodium hexametaphosphate solution for 1, 2,  or 6 hours and 
reported that marination was of little value in  improving 
the ea�ing quality of th� steaks. 
S pencer ( 1962) chilled chicken fryer carcasses for six 
hours i n  ice water containing 10 oz. of polyphosphate per 
15 
gallon of water, The rate of microbial spoilage was found 
to be less for the polyphosphate treated chickens when deter­
mined by plate count, ultra violet, fluorescence, and off­
odors, S helf-life was increased by 1-2 days. Polyphos­
phate treated meat resulted in greater tenderness and j uici­
ness but there were no significant differences in flavor 
and shear-press measurements. 
Hay. et al. ( 19 62 ) chill-ed eviscerated chicken carcasses 
in O, 4, 8, and 10 ounces of Kena phosphate mixture per 
gallon of slush ice solutions for 6 hours. They found that 
water uptake of the carcasses during chilling was signifi­
cantly greater for low-level ( 4  oz, /gal, ) phosphate solu­
tion than for any other treatment, Water uptake of car­
casses in high-level ( 10 oz, /gal, ) phosphate solution was 
significantly lower than that in the other treatment. Dur­
ing cutting up of carcasses all phosphate-treated groups . 
lost significantly more weight than the controls and phos­
phate treatment significantly reduced weight loss of cut up 
carcasses during storage . Treatment did not significantly 
influence flavor of white or dark meat but treated groups 
had higher mean flavor scores, In both cases, the high- , 
level ( 10 oz. /gal, ) phosphate treated groups gave signifi­
cantly juicier and more tender white meat than other groups. 
Klose et al. ( 1963) -found that the uater absorption 
during chilling of the chicken carcasses was appreciably 
less for the polyphosphate-treated carcasses than for the 
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controls but �oisture retention in the cooked meat was 2 to 
5% greater. Polyphosphate. reduced the drip and caused a 
color change in the chilled carcasses but not in the cooked 
meat . It produced a small but statistically significant 
reduction in shear-force value of the cooked meat for 
chicken fryers. Differences in taste might have been assoc­
iated with a slight saltiness imparted by the polyphosphates. 
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EXF2.;RIJ.1EHTAL PROCEDURE 
Thi rty-six chicken br�asts, purchased at a local mar­
ket, were us ed for this investigati on. The inve stigation 
consisted of tTTo s eparate studie s. The breasts were coded 
and assigned to study and treatment withi n study usi:nr; a 
table of random digits. 
St\ldY I 
Treatment and Preparation. Four breasts were us ed 
for each cooking period and a cooking period required 3 
days to complete. Each breast received a different treat-
ment . 
The breasts as signed to Treatment 1 were marinated 
for 12  hours at a temperature of 4° c .  · The marination sol­
ution was a 2 5,i sodium hexametaphosphate { SHI·IP ) solution 
whi.ch was prepared fresh for each cooking period. 
Breasts as signed to Treatment 2 were not marinated in 
any solution .prior to further preparation. 
Breasts as signed to Treatment 3 and 4 received no mari­
na ti on i n  SHI-1P at any time. 
On the s econd clay of each cooking period the breasts 
rec e iving Treatment 1, 2, �nd 3 were cooked and freeze­
dried. Treatment 1 breasts 1-rere removed from the SHEP solu­
tion, placed on a wi re rack and allowed .to drain . for 2 min­
ute s. All sample s were then cooked in individual pans in 
18 
actively boilinc ·Nater until the interior of the breast 
muscles reached a temperature of 88° c .  Individual therrao­
couples uere used for this neasurenent . The breasts ttere 
removed fro1:1 the pans, placed on uire racks and allm-red to 
reach ambient temperature , Each breast ·was then boned, 
ski1i�ed and cut into 13 mm cubes , 
The samples 1·rere then freeze-dried in a Virtis freeze­
dryer for 18 hours using a .vacuUt� of 90 microns, a shelf 
temperature of -40° c ,  a condenser temperature of -45° c ,  
and a stimuls,ted heat energy at temperature of 1.5° C ,  A 
built in thermocouple system ·nas used to determine tempera­
tures of the samples , 
At the completion of the freeze-dry process the sam­
ples were paclcecl into individual polyvinyl bags and stored 
at 4° C until subjective and objective evaluations Here 
conducted , 
On the third day (evaluation day )  of each coolring 
period breasts ·were coolrnd and cubed usiri..g the same proce­
dure that ·was used for Treatment 2 and 3 ,  
All freeze-dried samples required rehydrations , 
Treatnent 1 and 3 samples were rehydrated for 10 minutes ;i.n 
water uhich had been brought to the boilin.£; point and then 
removed from the heat ,  Treatment 2 sa.Bples uere rehydrated 
in 500 ml of a �; SHhF solution, This solution Tias brought 
to the boili110 point, the cubes added and remove d  fron the 
heat . The saaples ·Here . rehydrnted for 10 minutes , Follou-
in� rehydration ull samples  were draine� and prepared for 
evaluation ,  
1 9  
i:.ivalu.ati on ,  The sample s Here sub jectively evaluated 
by a trained panel consis ting of six  individuals .  The sam­
ples were scored for appearance, aroma, flavor, tenderne ss 
and j uiciness usine; a 7-point hedonic scale ( Appendix, 
Form 1) . The samples were coded and randonized in order to 
eliminate bi as ,  
Ob jective measurements included shear-press as 
measured by a L. E ,  E, Kramer Shear-Press instrument, pH 
determinations made on slurries ( 10 gram sample and 100 ml 
of distille d  't'Tater ) , and moisture by evaporation. 
Statistic al Design and Analysis of Data. A randomized 
complete block design ·was used for this study. Each cook­
ing period comprised a block and the study consisted of 6 
blocks, or replications. Data from each measurement were 
analyzed by means of the analysis of vari ance , Duncan's 
I-1ultiple Range Test and Dunne tt's Test were usecl to estab­
lish signi ficant differences among means , 
Study II 
Treatment and Preparati on . This second study consisted 
of three coolring periods or blocks. Treatments 5, 6, and 7 
were s eparately marinated in 6,2 5, 12 , 50, and 18 , 7 5, ; SHHP 
solutions, respectively ; using the method de scribed for 
Treatment 1. Treatment 8 uas identical to Treatment 4, 
2 0  
�valuation. I dentical evaluation measurements and 
methods 1·rn re used for this part of the investiga tion as for 
the previously described part. 
Stati sti cal De s ign and Analysis of Data. A randon­
ized complete block design was used for this study, also. 
Each cooking period comprised a block and the study con­
sisted of 3 blocks or replications. Data from each 
measurement were analyzed as were the data of Study I .  
• - - -- -- - -- -- •••• - • • • •  r • 1" -· -- • - - - - -------- - --· - - • 
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RESULTS AHD DISCUSSIO r 
Results 1-rnre analyzed by analysis of variance and sig­
nificance of di fferences among means established by Duncan's 
Hultiple Range T.e st and Dunnett's Test , The analysis of 
variance of organoleptic scores and measurement and evalua­
tion of treatment means by Duncan's Fultiple Test have been 
given in _Tables I and I I , H�ans tested by Dunnett • s  Test 
have been given in Tables I I I  and IV , Changes in weight of 
se�1ples for the various treatments attributable to cooking, 
freeze-drying, and rehydration have been expres sed as per­
cent change from raw samples , These are shown in Tables 
I I I  and IV, 
Tendernes s  
SHNP treatment did not significantly influence tender­
nes s  of the breasts but samples treated with 12 , 50;,t and 18 , 
7;/0 S HEP solution marination and 2;b SHNF rehydration re­
ceived i dentical mean tendernes s  scores and were slightly 
more tender than the plain freeze-dried se..mples , r:Iee..n 
tendernes s scores for 12 , 50_:; SHi-IP treatment indi cated that 
the tr.eated samples ·were similar in tendernes s  to the fre sh 
cooked control, This  l-Ias in ae;reement ·i-;ith other studies. 
Rust (19 63 )  reported that steaks injected ·with SHI 'P  were 
significantly more tender than untreated stea1rn, but there 
were no signi ficant differences in tendernes s  among steaks 
• - -- -- - • - - - -- -- • -• ---- -- -t ---.::r • -·---- - - - --- ---- --• -· • • • -- - -· -- . 
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Table I .  Analysis of Variance for F reeze-Dried Chicken 
Breasts Treated i Jith Sodium Hexametaphosphate. 
Source of Degree of Sum of Nean F -value 'lean 
variation freedom squares squares 
42. 762 
*�· 
26. 87 Cooking loss 7 299. 339 1.5. 16 
Moisture content 7 200. 301 28. 614 2. 26
1JS 66. 42 
after rehydration 
pH of raw meat 7 o. 07_0 0. 100 l_. 94
NS 6. 20 
Shear press 7 165. 548 23. 649 6 • 37�H'.- 10. 87 
pH after cooking 7 0. 294 0. 042 
** 
6. 41 1 0. 23 
*-Y-· 
Appearances 7 17, 860 2 , 551 16. 50 4. 93 
Aroma 7 8. 208 1. 172 5. 99
*1E-
4. 40 
Flavor 26 , 174 
** 
4. 15 7 3. 739 25. 86 
Tenderness 7 3. 452 o. 493 1 ,  94
1-JS 
5 , 07 
8. 699 1 , 242 
** 
Juiciness 7 1 0. 40 4. 48 
**Significant at the 0. 01 level of probability 
!IB Not significantly different 
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Table I I , Duncan's Eul tiple Range Test-�� 
Treatment Plain Fresh 
freeze-driecl coolrnd 
Cooking loss % 29,81a 29.2 3a 
Shear Press 13.72a 8,76b 
pH after cooking 6.32a 6,30a 
Appearance 5.36a 5,82 a 
Aroma 4.76
ab 4,95a 
Flavor 4.10 5 , 58 
Juicines s  4.24a 5,43b 
*Like subsci:-ipts within a row are 
Marinated 
2 J.14b 
ll , 48ab 
6,5 3b 
4.o6b 
4.o ob 
3.2 6  
3.92 a 
Rehydra ted 
-
JO , lJ
a 
ll , 5 6ab 
6.4oa 
4,76a 
4,46ab 
3,33 
4,36a 
·--- -. . . . 
not significantly different. 
Table I I I ,  Analysi s of Variance for the Percent 
I '.ioi -sture Loss, ercent of Rehydration , and p!I 
after Rehydration of Freeze-Dried Chicken Breasts, 
S ource of 
variati o 1 
Freeze-dry 
loss CO 
Percent 
rehydration 
from sample 
p!-I after 
rehydration 
Degree of 
free dom 
.5 
5 
5 
S um  of .... �ean F-vnlue 
squares- square s 
)44 , 584 68 , 916 6 .5 I 51
61�• •}�• 
S i gni fi cant at the 0 , 01 level of probability 
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Eean 
74 . 32 
Treatment 
Plain freeze-
dried 
25,'tt SHHP-
marinated 
6 ,  2 5�-b SHEP-
marinated 
12 , 50}b SHNP-
marine.ted 
8 . -f 1  7 5/ 0 sm1�P-
marinated 
Table · IV. Dunnett's Test 
Freeze-d..ry f·ercent of rehydra-
loss ( j& )  tion from the dried 
sanmle 
70 . 5.3 54 . 14 
3/c-
70 . 39 5 7 , 14 
78 . 21 
-!} 
67 , 79 
�-
-� 
78 . 74 '  69 . 78 
-r.-
77 • .31* 67 , 15 
* 
uSignificantly different from control 
25 
pH after 
rehydra-
ti on 
6 . 4.3 
6 . 65 
6 . 70 
--�-
6 . 67 
6 . 57 
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i njected with 0.03 N solution of SHHP equivalent to 5,  10, 
and 15.t of the weight of the steaks. I-lay et al. ( 1963 ) 
stated that phosphates in the chi ll water for poultry in­
creased tenderness of white meat, but no difference was 
found between treated and untreated dark meat. 
S hear-Press 
Hean scores for shear-pre�s ·were similar to panel eval­
uation scores for tenderness. However, the results from 
the SHMP-marination indicated some variation between the 
t·wo methods of evaluation. There were discrepancies in 
some cases when samples were judged tough by the taste 
panel and the shear-press values indicated them to be ten­
der, and vice versa. ( Figure 1 )  In most cases there was 
little discrepancy between taste-panel scores and shear­
press values. This was in agreement with many workers who 
dealt with non-freeze-dried chicken including W ise and Stal­
man (1959 ) , Shannon et al. (1957 ) , Cameron and Ryan (1955 ) , 
and Dodge (1959) . li ells et al. (1962 ) , however, found 
that these ti-to :methods of tenderness evaluation agreed on 
non-freeze-dried breast muscle but disagreed on freeze­
dried breast muscle. 
Eay - et al. ( 1963 )  reported that a 101,1 level of poly­
phosphate ( 4  oz./gal. ) in the chilled water for freshly 
killed eviscerated poultry significantly �ncreased water 
uptake, whereas a high level ( 10 oz, /gal, ) significantly 
16 
14 
12 
--:--10 � . 
.d 
- 6  
G» 
� 4  
.2 
; 2  
G> .c 
7 
Figure 1.- Difference of taste panel and shear force for tenderness 
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depres sed it. However, they e.lso reported increased jui c­
iness ratings in direct proportion to phosphate levels. I n  
this study the SHHP treatments seemed to depress the juic­
iness in all cases, the 2 .5;.t SHHF-marination tended to affect 
the juiciness adversely. The 25)6 and 18. 75�& treatments did 
not differ significantly from one another but they did differ 
significantly from the 6 , 25% treatment, 
Percent of Rehydration 
The phosphate-treated samples, except those that had 
the 25:t SHMP-marination, had a significantly hie;her percent 
of rehydration from the plain freeze-dried samples and con­
tained a higher total moisture after rehydration than those 
unmarinated freeze-dried breast samples. The order of the 
percent of rehydration for the dried samples, from high to 
low, are : 12, 50}$ SHl·iP-marination, 6. 25% SHEP-marination,· 
18 . 75;'£ SHJ.;P-marination, 2Jb SHI-IP-rehydration, and 2 5,fo S1U1P­
marination. Hay et al. (1962 ) found water uptalre of car­
casses during chiJ.ling 't'TaS sie;nificantly greater for lm·i­
level phosphate treatment than for any other treatment. 
Phosphate treatment significantly reduced 1·reight loss Qf 
cut up carcasses during storage. Klose et al. (1963 ) also 
pointe d out water absorption during chi lli11g was appre­
ciably less for the polyphosphate-treated carcasses than 
fo:r the control but moisture retention in the coolred meat 
,ias 2 to 5/, greater, 
The SHEP-marinated samples, except those 2 5/& SHEP­
marination, had a significantly hi gher moisture loss than 
those of the untreated freeze-dried samples after the 
freeze-dry process ,  but there were no significant differ­
ences among the SHrfiP-treated samples. 
Cooking Loss 
29  
�HEP treatments significantly reduced the cookine 
loss compared to the untreated freeze-dried samples, Eorse 
{ 1955 ) pointed out that the advantage s  of the use of poly­
phosphate included les s cook-out of moisture, 
pH Value 
The medium and high-level treatment samples  both had 
higher pH value than the control sal!lples ( P > 0 , 01 ) , as 
shown in Table V .  The loN-level treatment samples had a 
higher mean pH than the control but the di fference ·was not 
significe..nt, There 1vere no signi ficant differences araong 
the pH values of fresh raw samples, The pH values after 
cooking 1'Jere not significantly different among the cooked 
samples , Although the phosphate- treated samples had a 
slightly higher mean pH _ value , pH values after rehydration 
were not s i gni ficantly di fferent. The 6 , 25j level SiiMF­
marination saEiples had signi ficantly highe·r pH value than 
J O  
Table V ,  S u�m1ary o f  piI C hanges  During Various Treatmen ts 
Treatment l�o . Pre sh Earinated Cooked Freeze- :a.ehydra ted 
dri ed 
Plain 1 . 6 . 1 0 
6 , 2 5 6 , 40 
freeze- 2 6 . 2 0 
6 , 3 0 6 , 45 
dried J 6 , 05 
6 , 2 5 6 , 35 
Li, 6 , 15 6 . 25 6 . 40 
5 6 . 2 0 6 , 3 0 6 , 35 
6 , 05 6 . 2 5 6 , 45 
Fre·sh 1 6 . 2 0 
6 . 40 
cooked 2 6 . oo 6 . 2 5 
control 3 5 , 95 6 .  15 ·  
4 6 , 15 6 . 30 
5 6 . 2 0 6 . 2 5 
6 6 , 2 5 6 . 3 0 
2,ib SHriF- 1 6 . 15 6 , 45 6 , 5 0 
.6 • .55 
rehydrated 2 6 . 2 0 6 . 3 0 6 . 45 6 . 65 
3 6 . 2.5 6 , 35 - 6 .  50  6 , 7 0  
4 6 . 2 0 6 , 40 6 , 45 6 , 55 
5 6 . 15 6 , 30 6 , 55 6 , 70 
6 6. 2 5  6 , 45 6 , 55 6 . 65 
25)6 SHI-IP- 1 6 , 15 6 . 10 6 , 50 6 , 60 
marinated 2 6 , 10 6 . 2 5 6 . 55 6 . 7 0 
3 6 , 15 6 . 2 0 6 , 6 0 6 , 65 
4 6 . 05 6 . 15 6 , 40 6 . 60 
5 6 , 2 0 6 , 2 0  6 , 55 6 , 60 
6 , 1 0 6 , 1 0 6 , 50  6 , 65 
18 . 75°b 1 6 . 2 0 6 , 2 5 6 . 5 0 6 , 60 
SHHP- 2 6 .  2 0  6 . 2 0 6 , 40 6 , 50 
mari 11.a te d J 6 . 3 0 6 , J O 6 . 4.5 6 , 60 
12 . 5 0)� 1 6 . 2 0 6 . 2 5 6 , 40 6 . 60 
SEEP- 2 6 . 2 5 6 . 3 0 6 , 45 6 . 70 
riarinated 3 6 . 2 5 6 , 2 5 6 , 50 6 . 65 
6 .  2 5J 1 6 .  2 0  6 , 2 5 6 ,  l.J,_5 6 . 65 
SHr.IP- 2 6 , 2 5 6 . 25 6 , 50 6 . 65 
narinated J 6 . 2 0 6 , 3 0 6 . 5 0 6 , 65 
Fresh 1 6 , 15 6 , 25 
c ool-rnd  2 6 , 10 6 , 2 .5 
control J 6 , 1 5 6 , JO 
Jl 
any othe rs. Several workers, Hamm ( 1959 ) ,  S1ii ft et al. 
( 1960) , and SherH1an ( 1962 ) have expressed the opinion that 
one of the func ti ons of polyphosphate is to increase water­
holdi ng capac ity of meat and that part of the e ffec t is  
attributable to change in  pH. Hamm ( 1959 ) stated that 
polyphosphates increased hydration only at pH values grer1.ter  
than 5 .  5 and that the effect increased with inc reasii'1..g pH. 
Appearance 
Appearance evaluation showed a statistically signifi­
cant difference be tween the SHHP-marination treatment sam� 
ples and the · untreated samples. The SIU'IP-ma-rination seemed 
to have a deleteriou.s effect on appearance. Fresh cooked 
control and plain freeze-dried samples had a significantly 
more acceptable appearance than SHI-ff -treated samples. The 
2.5% SHHF-marination affected the appearance adversely. The 
12 • .5 0/& and _ 18. 75;t treatment samples did not differ sic;ni fi­
cantly from one another, but they did differ significantly 
from the 6. 25;t treatment samples. 
Aroma and Flavor 
Aroma and flavor scores were similar to appearance 
scores. Fresh c ooked samples and plai n freeze-dried sem­
ples uere signific 2.ntly superior for aroma and flavor to 
SHEP-treated samples uhich 1, ere not signific antly different 
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f·ron one ano ther . H o1·rever , the 25>i SHHP-nari 11c.'l. ti on sa1nple 
rec eive d the loue s t  aroma and flavor se a.re ; i t  had a sal ty 
bi tter flavor and after tas te . The 1 8 . 75 ; Barinatio:1 sen­
ple al s o  seemed to have a bi tter tas te and was sli ghtly 
sal ty . 
SUEEAB.Y .AlTD CONCLUSIOITS 
A rancloni z ed c onpl e te bloclc de sign uti li z i 1--ig thi rty­
s ix chi cken breas ts was employe d to evaluate the e f fec ts 
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sodium hexame tapho 9phate soluti on pri or to f re e z e - dryi ng , 
There 1,-rnre ni ne blocks of four breas ts each , The s e  ni ne 
blocks 1-rere di vi de cl i nto tu<? parts . The fi rs t part c on­
s i s te d  o f  s i x  blocks , Two breas ts of each block 1·rere mari ­
nate d by di :fferent me thods , The firs t 1·ras mari nate d wi th 
2 5ft SHIU> soluti on pri or to c ool�i ng , the s e c ond ·was rehy­
drate d wi th 21� SHHP soluti on duri ng Tehyclrati on .  The re­
mai ning tuo breas ts :were no t treated 1,-ri th s o di 1.,un hexe..me ta­
pho spha te , the firs t only freeze-dri e d ,  and the o the r ·was 
c ooke d fre sh for each block . The sec ond part c onsi s ted of 
thre e bloclrn . Thre e breas ts lrnre s eparately marinate d by 
6 � 25;;; , 12 . 50;,s , and 18 . 7 5,:� SHEP soluti ons . The c ontrol 
sax:i.pl e s  11ere c oolrnd fre sh , as de scribed above , for eac h 
block . 
Tenderne s s  1,ias no t signi fi c antly affec ted by SHHP-mar­
i na ti on as oeasured by panel evaluati on s c ore s or by L .  E . 
Kraner S hear-Pre s s . liari 11.atio11 re sul te d i n  s i sni fi c ant 
cha11.oe in jui c i ne s s  or pH_. The jui c i ne s s  was s oneuha t de ­
pre s s ed by pho sphate treat!nent . A s i c;ni fi c ant di fferenc e  
i n  c olo·r uas no te d be tueen the SHI-iF - treate d and untreated 
senpl e s . The pho sphate- treated sample s had s i gni fi c antly 
inferior color to untreated samples, Flavor and arona 
score s "t'Jere similar to appearanc e scores, F resh c ooked 
samples and plain freeze-dried samples were preferred for 
aroma and flavor over the SHMP-treated samples, 
34 
The phosphate treated group, except those 25% level 
SHMP-marination, had a signific antly higher percent of 
rehydration than the freeze-dried samples, and contained a 
higher moisture content af-cer rehydration than the plain 
freeze-dried samples, 
There were no significant differences among treatment 
for perc ent of moisture after freeze-drying, Freeze-dried 
loss of SHHP-rnarina ted · samples was 3 to 5�"b greater than 
that of the plain freeze-dried samples, 
The data suggested that marinating c hicken breasts in 
different concentrations of sodium hexametaphosphate solu­
tion overnight gave variable results and was of little 
value in improving the eating quality of the freeze-dried 
chicken but did tend to affect appearance, aroma, and 
flavor adversely, 
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APPENDIX 
Form I 
Ha.me Date ------------------- ----------
Chicken cubes should be creamy in color, have a com­
pact and non-stringy appearance. The aroma should be 
pleasant and mild. The flavor should be mild and pleasant 
and the texture finn and slightly chew-y. The cubes should 
be moist and not watery, clry or p01·rdery to the tongue. 
Key : 7 Excellent 3 Poor 
6 Very good 2 Very poor 
5 Good l Unacceptable 
Fair 
Samples 
Gode : 
Appearance 
Aroma 
Flavor 
Tenderness 
Juiciness 
Comments : 
